To study the influence of temperature (4, 6 and 12 °C) on the development of brown trout,
22
Salmo trutta from hatching to the end of metamorphosis, an analysis of allometric growth 23 patterns was conducted allowing to identify two different groups of individuals, namely 24 developmental phases (total length (TL) ranging from 2.72 cm at 4 °C to 2.22 cm at 12 °C).
25
Then, a multi trait approach considering different variables like the survival rate, development 26 time, morphometric characteristics, energetic value and skeletal mineralization, was 27 conducted on these two groups. Results indicated that the first growth phase was slower at 4 28 °C, whereas the second was also slower at this temperature, even though swimming behavior 29 was already present. However, at 12 °C, fry showed a delay in their development (i.e lower 30 levels of skeletal mineralization and energetic content) during the first growth phase, but they 31 compensated during the second growth phase reaching the same size in TL when we 32 compared to the other temperatures (4 and 6 °C); fry at 12 C° showed low energy reserves.
33
Our study demonstrated that the use of an allometric analysis to identify different 34 developmental stages coupled with a multi-trait approach was more efficient than a classical 35 distinction between biological stages (hatching, emergence, first food intake and exogenous 
104
Temperature can also serve as an ecological timer initiating behavioral reactions such as 105 migration from one habitat to another, as well as affecting fish feeding and spawning, and 106 ultimately, population recruitment. In this context, water temperature is a major abiotic factor 107 controlling the ecology of salmonid species (Jonsson et Jonsson 2009 
130
Eggs were incubated in three recirculating water systems or hatchery units (110 x 64 x 131 186 cm) in the research facilities of the UR AFPA at the University of Lorraine in Nancy
132
(France) at three temperatures: 4, 6, and 12 °C, which were chosen according to the global Number of eggs at fertilisation). Unfertilised eggs were removed (Réalis-Doyelle et al. 2016).
171
The daily survival rate (DSR, %) was also calculated for each period of time (P1-P5) by 172 taking into account their duration: DSR = 100 -(Number of dead individuals per day x 100) /
173
Number of days of the period. were taken from digital images (1.600 dpi) using the image analysis software Archimed@
180
(Microvision Instrument, France). The morphological development of fry was described 181 according to Vernier (1969) , whereas morphological data were completed with behavioral 182 observations (Table S1 ) in order to more precisely determine the stage of development of fry.
183
Eight different morphometric characters associated with locomotion, vision and feeding were 
249
At each temperature, growth was described with regressions estimated from logarithm-250 transformed data for each morphometric parameter according to the allometric growth model 
268
Piecewise linear regression, fitted with a non-linear procedure, was used to estimate change in Table S1 ) decreased with increasing water temperature (Fig. 2) .
302
The developmental time to reach each stage was significantly different between stages (χ² = 303 544.8, df = 4, P < 0.05), rearing temperatures (χ² = 1154.2, df = 2, P < 0.05), as well as the 304 interaction between the above-mentioned variables (χ² = 1141.4, df = 8, P < 0.05) (Fig. 2) .
305
The relative time (RT) between each stage was significantly different among environmental 306 temperatures (χ 2 = 11.9, df = 4, P < 0.005; Fig. 2) . Survival rates at metamorphosis were 307 significantly affected by water temperature (χ 2 = 34.6, df = 2, P < 0.001; Fig. 3 (Fig. 3) .
312
The degree of skeletal mineralization of the splanchnocranium and fins was and metamorphosis stages (Table S1 ), the energetic value was lower in fry reared at 4 and 12
319
°C compared to those kept at 6 ºC. In contrast, at the end of the mixed feeding period,
320 energetic values were lower in fry reared at 4 and 6 ºC with regard to those kept at 12 ºC. (Fig. 4) . Consequently, the 334 development of brown trout could be divided in two distinct phases separated by the above-335 mentioned L m ; these two phases corresponded to two groups of fish (Group 1 and Group 2, 336 hereafter).
337
Estimates of the PC1 component scores were quite stable within both Groups (1 and   338 2), as indicated from their small standard errors (Fig. 5) regardless of the temperature considered (Cox proportional analysis; Fig. 3 ).
371
At 4 and 6 °C, the level of skeletal mineralization did not differ among Groups (χ² = skeletal structures occurred later than in the other experimental groups, at TL > 2.22 ± 0.56 377 cm; Group 2) (4 -12 °C χ² = 4.6, df = 1, P < 0.05; 6 -12°C χ² = 4.8, df = 1, P < 0.05; Table   378 1).
379
The energetic value of brown trout fry significantly differed between Group 1 and 2
380
(ANOVA, F 1,1 = 5.59, P < 0.05) and among temperatures (F 1,2 = 7.2, P < 0.05), whereas there 381 was also a slightly marginal effect of their interaction (F 1,2 = 5.3, P = 0.06). At the end of the 382 first growth phase (Group 1), the energetic value was similar at 4 and 12 °C, and it was up to 383 1.6 times higher in fry reared at 6 °C (Table 2) . At the end of second growth phase (Group 2), 384 the energetic value was also larger at 6 °C and lowest at 12 °C (Table 2) . 
423
The shift between the two phases occurred at different fry TL, which decreased with 
473
During this second growth phase, the eye diameter, the trunk and tail showed a Fig.1 . Morphometric characters measured on Salmo trutta fry from hatching to metamorphosis. ED, eye diameter; HH head height; HL, head length; TL total length; TaiL, tail length; TrL, trunk length; CaH caudal fin height ; MH myotome height. Orange spot indicated the maxillary, blue spot the dentary, pink spot the cleithrum, green spot the opercular from the splanchnocranium, brown spot the frontal. As well as the light blue spot indicated the rays of dorsal fins, the black spot indicated the rays of anal fins, the yellow spot indicated the rays of pectoral fins, the red spot indicated the rays of the caudal fins, and the light orange spot indicated the vertebral column. 
